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Introduction: The gene encoding the serotonin 1A receptor (5HTR1A) has been a candidate gene asso-
ciated with suicidal behavior in case-control and meta-analysis studies. We carried out a meta-analysis
and a case-control study on the 5HTR1A gene to examine the association of this gene with suicidal
behavior.
Methods: We performed a systematic search in electronic databases to study meta-analytically the as-
sociation of 5HTR1A gene with suicidal behavior; we found 9 published genetic association studies
concerning the rs6295 polymorphism. To get a comprehensive knowledge of this association we con-
ducted a case-control study on the following polymorphisms: rs1423691, rs6295, and rs878567 in a
Mexican population; the sample was composed of 152 suicide attempters and 264 healthy subjects.
Results: The meta-analysis revealed that the rs6295 polymorphism is not associated with suicidal
behavior. Similarly, no signiﬁcant association for polymorphisms rs6295 and rs878567 was found in the
case-control study. The polymorphism rs1423691 was excluded of the association analysis because cases
and control groups were in HardyeWeinberg disequilibrium.
Conclusion: The meta-analysis of functional rs6295 polymorphisms produced no association. Likewise,
the analysis in our case-control study in a Mexican population resulted in lack of association of poly-
morphisms rs6295 and rs878567 with suicidal behavior. However, further studies assessing different
populations, as well as larger samples are necessary to obtain conclusive outcomes.
 2013 The Authors. Published by Elsevier Ltd. Open access under CC BY license.1. Background
Suicide is a signiﬁcant public health issue and one of the most
common causes of death throughout the world (Anguelova et al.,
2003; Kamali et al., 2001). Genetic studies are trying to identify
possible genetic markers that will be helpful for the early detectionfor systematic reviews and






r Ltd. Open access under CC BY licenseand prevention of suicidal behavior. The implication of the sero-
tonergic system in suicidal behavior has been studied for several
years (Arango et al., 2001; Tovilla-Zárate et al., 2011).
At present, several studies have investigated the association be-
tween various 5HTR1Apolymorphisms and suicide and suggest that
this gene is playing a role in suicidal behavior (Ohtani et al., 2004;
Samadi Rad et al., 2012; Serretti et al., 2007, 2009; Videtic et al.,
2009; Wasserman et al., 2006). Even though in our most recent
meta-analysis we could not ﬁnd any association with suicidal
behavior, the analysis only included 4 studies comprising 957 pa-
tients and 957 controls. Therefore,we decided to undertake another
study in which a larger sample size and more speciﬁc selection
criteria were included (Angles et al., 2012). On the other hand,
concomitant to suicidal behavior we observed several clinical fea-
tures such as the presence of impulsivity, substance abuse (alcohol
dependence), andevenmajordepression.As a result, various genetic
studies are taking into consideration the analysis of suicidal.
T.B. González-Castro et al. / Journal of Psychiatric Research 47 (2013) 1665e16721666behavior in association with other diseases (Benko et al., 2010;
Czesak et al., 2012; Koller et al., 2006; Lemonde et al., 2003; Pitchot
et al., 2005; Videtic et al., 2009; Wang et al., 2009; Wrzosek et al.,
2011; Yoon and Kim, 2009; Zhang et al., 2008; Zupanc et al., 2010).
5HTR1A receptors are located both at post-synaptic and pre-
synaptic levels. In the ﬁrst case, they mediate the action of sero-
tonin in cortical and limbic neurons; in the second case, they act as
auto-receptors in serotonergic neurons in the raphe nuclei and
prevent the release of serotonin by a negative feedback (Czesak
et al., 2012; Yoon and Kim, 2009).
The 5HTR1A receptor gene is located on the long arm of chromo-
somal region 5q11.2-13; it is intronless, codes for a 422 amino acid,
and has a number of single nucleotide polymorphisms (SNPs) (Angles
et al., 2012; Samadi Radet al., 2012;Videtic et al., 2009).However, only
a small number of the latter have been investigated so far as candidate
variants in suicidal behavior. One of the most common SNPs is the
functional C-1019G variant (rs6295) (Chen et al., 2004; Kim et al.,
2011; Koller et al., 2006). This polymorphism is located within the
26-bp palindromic region, which bounds a single repressor, the nu-
clearDEAF-1 related (NUDR)protein. TheG allele abolishes repression
by NUDR and produces higher expression of 5HTR1A, enhances the
negative feedback inhibitionof serotonergic rapheneurons exertedby
5HTR1A autoreceptors, and leads to lower serotonergic neurotrans-
mission (Benko et al., 2010; Lemonde et al., 2003). For these reasons
the alleleGof C-1019Gpolymorphismmaybe considered an allele risk
manifest in suicide attempters. The polymorphism rs1423691 is
located downstream the band 5q12.3, in which the change of C to T
does not produce a different amino acid.With regard to the rs878567
polymorphism, it is located in the same band of rs1423691. Likewise,
the change of C to T does not produce a change in amino acid. Other
less studied polymorphisms of the 5HTR1A gene associated with
suicidal behavior are rs1423691 and rs878567. Currently, there are
only few reports showing an association between suicidal behavior
and these polymorphisms (Serretti et al., 2007, 2009).
In this study, we conducted an updated meta-analysis of all
published data on the rs6295 polymorphism. Also, we investigated
the possible association between a panel of markers of the 5HTR1A
gene (rs6295, rs1423691 and rs878567) in a Mexican sample of
suicide attempters and controls.
2. Methods
2.1. Meta-analysis
This meta-analysis followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) criteria (Moher
et al., 2009; Swartz, 2011).
2.2. Identiﬁcation and selection of publications
The literature included in the current study was selected from
Pubmed and EBSCO databases with the keywords: “HTR1A and
suicidal behavior”, “HTR1A and suicide”, “rs6295 and suicide”, “5-
hydroxytryptamine-receptor 1A” and “serotonin receptor 1A”.
The literature search was performed in September 2012. The dates
of publication of the searched papers comprised from March 2003
to August 2012. To be selected, the publications had to fulﬁll the
following criteria: (1) to be published in peer-reviewed journals, (2)
to be written in English, (3) to contain independent data, (4) to be
case-control association studies in which the frequencies of three
genotypes were clearly stated or could be calculated, and (5) the
use of healthy individuals as controls. Besides, we included one
article consisting only of cases, because the sample in this study
was large and raised the detection power in the meta-analysis
study (Benko et al., 2010).Two investigators (González-Castro TB, Tovilla-Zárate CA)
working independently screened each of the titles, abstracts, and
full texts to determine inclusion. The results were compared and
disagreements were resolved by consensus.
2.3. Data extraction
The following data were obtained for each of the studies: au-
thors, year of publication, region, number of cases and controls,
gender, age, psychiatric diagnosis, ethnical origin, sample size and
genotype and allele frequencies. These data were not always
available for all studies, but when needed, we contacted the authors
to ask for genotype distributions not included in the papers. The
study by Benko et al. (2010) did not report a control group but we
made an adjustment accordingly based on the other studies in the
literature that included a control group. Brieﬂy, we calculated the
weighted frequency of a particular genotype from studies that
included controls and applied it to the study not including a control
group. We considered the number of the “virtual” control group as
equal to the number of patients in a speciﬁc study. Then, the hy-
pothetical number of subjects with the particular genotype fre-
quency was assigned in proportion to the percentage of the same
genotype that was obtained from the weighted analysis (Illi et al.,
2009; Kishi et al., 2011). The outcomes of the meta-analysis were
built by taking into consideration the following categories: (a)
exposed sick, (b) exposed not-sick, (c) not-exposed sick and (d) not-
exposed not-sick. The “sick” term refers to subjects exhibiting
suicidal behavior and the “exposed” term to the allele of risk. The
information of the selected publications was extracted indepen-
dently by the same two authors (González-Castro TB, Tovilla-Zárate
CA) in accordance with the inclusion criteria.
2.4. Data analysis
For the meta-analysis procedures, we used the EPIDAT 3.1 pro-
gram (http://dxsp.sergas.es). This software is freely available for
epidemiologic analysis of tabulated data. Datawas analyzedwith the
random-effects model following the reports in the literature (Angles
et al., 2012; Tovilla-Zárate et al., 2011). Sample heterogeneity was
analyzedwith the Dersimonian and Laird’s Q test. The result of the Q
test was complemented with graphs to help visualize those studies
favoring heterogeneity. The results of the meta-analysis are
expressed as odds ratios (ORs). To address the problem of publica-
tion bias, the Egger’s test and funnel plots were calculated with the
EPIDAT 3.1 software. This plotting standardizes the effect of each of
the published studies on the vertical axis and its correspondent
precision on the horizontal axis. Finally, a chi-squared (c2) analysis
was used to calculate the HardyeWeinberg equilibrium to evaluate
genotype distribution. Studies deemed for inclusion in the system-
atic review were scored for methodological quality using the
Newcastle-Ottawa Assessment Scale (NOS). A score of six was taken
as the cut-off point to distinguish higher from lower quality studies.
Quality assessment was done by the same two authors (González-
Castro TB, Tovilla-Zárate CA) based on the NOS instrument.
2.5. Case-control study
The group of patients consisted of 152 unrelated suicide
attempters. They were consecutively recruited in the outpatient
service from the General Hospital of Comalcalco in the state of
Tabasco, Mexico. In addition, 264 healthy volunteers attending the
Blood Donor Center were included as controls. All subjects came
exclusively from Comalcalco. The participants in this study
descended from Mexican parents and grandparents to reduce
ethnic variation and stratiﬁcation effects.
186 potentially relevant articles
(EBSCO 88 Pubmed= 98)
Excluded based on title
n= 104
Screening of 49 references based on 
their abstracts
Excluded
n= 6 review articles
n=  16 no outcome of interest
12 relevant studies retrieved for detailed 
evaluation
Excluded n= 4
9 studies in the meta-analysis 
including our study
Fig. 1. Flow-chart showing the different stages of the meta-analysis.
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Patients with attempted suicide were evaluated by a trained
psychiatrist or clinical psychologists with at least a master’s degree
level. Initially, a clinical interview helped us to determine the most
relevant symptoms and the diagnostic was stabilized for DSM-IV in
which disorders pertaining to Axis I, II and III were considered.
DSM-IV lifetime diagnoses of mental disorders among the patients
were classiﬁed as: schizophrenia spectrum disorder (30.2%), anxi-
ety disorder (50.0%), and undiagnosed (19.8%). We deﬁned suicide
attempt as a self-harm behavior with at least some intent to end
one’s life (Mann, 2003). Subjects were excluded when self-injury
behaviors were determined to have no suicidal intention or idea-
tion based on the assessment of suicidal intention, using the Scale
for Suicide Ideation in the Spanish version (Beck et al., 1979).
On the other hand, each control was interviewed using sys-
tematic forms to obtain a detailed medical and psychiatric history
in order to exclude subjects who had relatives with a lifetime his-
tory of a mental disorder or suicidal behavior.
2.7. Ethics statement
Written informed consent was obtained from all subjects after
they were given a detailed and extensive description of the study;
they did not receive any economical remuneration. The study was
approved by the local Ethics and Research Committee DAMC-UJAT
(UJAT-DAMC-2012-02). The study was carried out in accordance
with the ethical standards laid down in the 1964 Declaration of
Helsinki.
2.8. Genotype assays
Peripheral blood samples were drawn from all subjects; DNA of
leukocytes was extracted using a modiﬁed version of the protocol
by Lahiri and Nurnberger (1991). The polymerase chain reaction
(PCR) end-point method was used in all patients to analyze the
following 5HTR1A genotypes: rs6295(C-1019G), rs1423691, and
rs878567. The complete protocol appeared recently in a previous
meta-analysis (Tovilla-Zárate et al., 2011). All genotyping was per-
formed blind to patient outcome. As a quality control in our gen-
otyping analyses we used random blind duplicates.
2.9. Statistical analysis
The presence of HardyeWeinberg equilibrium was tested using
Pearson’s goodness-of-ﬁt chi-squared test. Genotype and allele
frequencies between groups were compared using Chi-squared and
Fisher’s Exact tests. Tests for association using multi-marker hap-
lotypes were performed utilizing Thesias version 3.1 software. The
power to detect associations was analyzed with the Quanto 1.2
software. By way of an example: for rs6295 with minor allele
frequency ¼ 0.3, dominant model, effect size ¼ 1.5, we obtained a
power of 0.43. Signiﬁcance was set at p < 0.05. The Haploview 4.2
program (Barrett et al., 2005) was employed to calculate the linkage
disequilibrium (LD) of the markers.
3. Results
3.1. Meta-analysis study
As for the literature search, a total of 186 studies were identiﬁed,
but only 9 were used including our case-control study. Fig. 1 shows
the selection process of the meta-analysis (Benko et al., 2010;
Lemonde et al., 2003; Samadi Rad et al., 2012; Serretti et al., 2007,
2009; Videtic et al., 2009; Wrzosek et al., 2011; Yoon et al., 2009).Our meta-analysis consisted of 2366 cases and 2943 controls
(Table 1). We enlarged a previous meta-analysis on rs6295 (C-
1019G) (Videtic et al., 2009) with 1217 cases and 1986 controls that
included samples of 7 Caucasian populations, 1 Asian population,
and our case-control association study.
We measured the HardyeWeinberg equilibrium in all geno-
typed populations, both groups, cases and controls, were in equi-
librium (p > 0.05) with the exception of the studies by Benko et al.
(2010) with p < 0.001 in the control group and Samadi Rad et al.
(2012) with a p < 0.0001 in control and patient groups. Also,
Lemonde et al. (2003) reported disequilibrium (p < 0.0001) in the
patient group only. Similarly, whenwe calculated all populations in
a combined way we encountered p ¼ 0.60 in the controls and
p ¼ 0.0002 in the cases. As a result, we measured the Hardye
Weinberg equilibrium after heterogeneity was discarded and ob-
tained p ¼ 0.33 in controls and p ¼ 0.68 in suicide attempters.
The pooled OR derived from all studies showed a non-signiﬁcant
association of the G allele in the C-1019G polymorphism with sui-
cidal behavior (Random effects: OR: 1.33; 95% CI: 0.87e2.03;
p(Z) ¼ 0.72) and presence of heterogeneity in the studies
(Q ¼ 203.50, df ¼ 9; p ¼ <0.0001). The Egger’s test provided no
evidence for publication bias (t ¼ 1.62, df ¼ 8; p ¼ 0.14) (Fig. 2A).
Given that some studies were not in HardyeWeinberg equilibrium
we conducted an analysis in which the study giving rise to het-
erogeneity was discarded. Even then we encountered no associa-
tion between rs6295 and suicidal behavior (OR: 0.93; 95% CI: 0.83e
1.04; p(Z) ¼ 0.1.3) (Fig. 2B).
We carried out a sub-analysis in the Caucasian populations and
found no association [Egger’s test; Random effects model; OR: 1.47;
95% CI: 0.91e2.39 with heterogeneity (Fig. 3A) and OR: 0.94; 95%
CI: 0.83e1.08 without heterogeneity (Fig. 3B)]. We could not
perform an analysis in the Asian population because we only had a
single study on the association of rs6295 with suicidal behavior.
Table 1
Descriptive characteristics of 9 studies on the role of the C-1019G polymorphism of the 5HTR1A gene in suicidal behavior.
Study (Year) Sample size, n
(Cases-Controls)
Location Diagnosis Genotypes Alleles Gender (Males) Mean age
GG GC CC G C Cases Controls Cases Controls
Videtic et al. (2009) 323/190 Slovenian
Caucasians
Suicide victims 91 160 72 342 182 48 49




193 368 163 754 1590 129 30 0
Serretti et al. (2009) 111/289 German
Caucasians
Suicide attempters 26 55 30 107 291 43 123 39 45
Samadi Rad et al. (2012) 191/218 Iranian
Caucasians
Suicide victims 56 53 82 217 342 47 45




17 30 55 64 196 53 55 32 34
Serretti et al. (2007) 259/312 German
Caucasians
Suicide attempters 61 132 66 254 317 39 48




17 50 25 84 152 39 48
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Suicide attempters 26 58 68 265 303 56 97 25 31
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The mean age of the 152 patients (56 males, 96 females) was
25.5 (9.56) years old (range: 14e56 years). The possibility of
childhood abuse was not evaluated. The mean age of the 264
controls (97 males, 167 females) was 33.1 (13.0) years of age (range:
14e61 years). Socio-demographic features of suicide attempters are
presented in Table 2.
The HardyeWeinberg equilibrium was measured in all geno-
typed populations. The polymorphisms rs6295 and rs878567 were
in equilibrium in both groups (p > 0.05). We encountered two
exceptions: the rs1423691 polymorphismwas not in equilibrium in
the control group (p ¼ 0.0003) or in the group of patients
(p ¼ 0.006). In consequence, only the rs6295 (C-1019G) and
rs878567 polymorphisms could be analyzed. The LD (Linkage-
Disequilibrium) in our Mexican sample taken as a whole was
complete (r2 ¼ 1.0), as well as when taken separately in controls
and suicide attempters for variants rs6295, rs1423691 andFig. 2. Odds ratios and forest plots for all the models in overall studies. (A) G allele vrs878567 (Fig. 4). Also, we measured the LD with the MEX panel
analysis, but there were no references of any of the following
polymorphisms: rs6295, rs1423691 and rs878567.
We calculated the genotype counts and frequency distributions
for polymorphisms rs6295 (C-1019G) and rs878567 of the 5HTR1A
gene in the 152 suicide attempters and control group. The results
are shown in Table 3.
The analysis for the rs6295 (C-1019G) polymorphism yielded no
signiﬁcant differences in genotype (c2 ¼ 0.89, p ¼ 0.64, df ¼ 2) or
allele (c2¼ 0.78, p¼ 0.37, df ¼ 1) frequencies between controls and
cases. The same results were obtained for the rs878567 poly-
morphism: no association was found in genotype (c2 ¼ 2.83,
p ¼ 0.24, df ¼ 2) or allele (c2 ¼ 2.73, p ¼ 0.09, df ¼ 1) frequencies
between controls and cases.
We performed a second analysis in the sample of suicide
attempters and control subjects with respect to gender. The geno-
type and allele distribution is shown in Table 4. The analysis of the
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Fig. 3. Egger’s funnel plot indicating publication bias for studies on suicidal behavior. (A) G allele vs C allele with heterogeneity and (B) G allele vs C allele without heterogeneity.
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regard to the rs6295 (C-1019G) polymorphism we observed the
same results as on the ﬁrst analysis, no association was found in
genotype and allele frequencies both in males and females. In this
Mexican sample, haplotype analysis in relation to attempted sui-
cide did not reveal any signiﬁcant association either (Table 5).
4. Discussion
In this study we analyzed the possible association between the
5-HTR1A gene and suicidal behavior based on a case-control study
and an updated meta-analysis. We have already published a meta-
analysis of the 5-HTR1A gene (Angles et al., 2012), but we consid-
ered necessary to perform another meta-analysis with updated
published results that consisted of a larger sample size and more
speciﬁc selection criteria, in which various of the 5HTR1A poly-
morphisms were studied in relation to suicidal behavior.
The hypothesis that the presence of a single G allele in the C-
1019G polymorphism could result in an elevated risk for suicide
attempts was investigated by means of a meta-analysis. Thus, we
performed an analysis with all reports published to date. The
studies presented heterogeneity; however, we conducted a furtherTable 2
Socio-demographic features of Mexican controls and suicide attempters.
Socio-demographic features Controls Cases c2 df p
Gender [n (%)]
Males 97 (36.7) 56 (36.8) 0.004 1 0.98
Females 167 (63.3) 96 (63.2)
Marital status [n (%)]
Single 117 (44.3) 77 (50.6) 4.63 3 0.20
Married 124 (46.9) 63 (41.4)
Separated/divorced 10 (3.8) 9 (5.9)
Widowed 13 (5.0) 3 (2.1)
Socio-economic level [n (%)]
High 3 (1.3) 2 (2.4) 7.31 2 0.02a
Middle 171 (64.7) 78 (50.3)
Low 90 (34.0) 72 (47.3)
a p Value signiﬁcant.analysis without heterogeneity. We also carried out a sub-analysis
in Caucasian populations. Our ﬁndings of the G allele in the C-
1019G (rs6295) polymorphism support previous results, showing
no association between suicidal behavior and the rs6295 (C-1019G)
polymorphism when genotypes or allele frequencies were consid-
ered. Even when we undertook an explorative analysis including
only Caucasian samples, no signiﬁcant associationwas found either.
These results are in agreement with our previous meta-analysis of
the 5-HTR1A gene stating the lack of association (Angles et al.,
2012), though this time our sample consisted of 1217 cases and
1986 controls more and it also included our case-control study in a
Mexican population. In addition, the literature search for the pre-
sent analysis was performed three years later than the previousFig. 4. Linkage disequilibrium in 5HTR1A markers (rs6295, rs1423691 and rs878567)
in suicide attempters and control group.
Table 3
Genotypes, allele counts and frequency distributions for rs6295 (C-1019G), rs1423691 and rs878567 polymorphisms of the 5HTR1A gene in suicide attempters and control
group in a Mexican population.
Genotypes Cases Controls c2 df p Alleles Cases Controls c2 df p
rs6295 rs6295
GG, n (%) 26 (0.17) 55 (0.21) 0.89 2 0.64 G, n (%) G: 120 (0.39) G: 225 (0.43) 0.78 1 0.37
CG, n (%) 68 (0.45) 115 (0.43) C, n (%) C: 184 (0.61) C: 303 (0.57)
CC, n (%) 58 (0.38) 94 (0.36)
rs878567 rs878567
TT, n (%) 38 (0.25) 79 (0.30) 2.83 2 0.24 T, n (%) T: 146 (0.48) T: 285 (0.54) 2.73 1 0.09
CT, n (%) 70 (0.46) 127 (0.48) C, n (%) C: 158 (0.52) C: 243 (0.46)
CC, n (%) 44 (0.29) 58 (0.22)
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morphism is not associated with suicidal behavior. Future studies
comprising larger samples of suicidal behavior are important to
determine this result conclusively.
In addition, we performed a case-control study in a Mexican
population. To our knowledge this is the ﬁrst study addressing the
genetic association between various polymorphisms (rs6295 and
rs878567) of the 5-HTR1A gene with suicidal behavior in a Mexican
population. Our case control study consisted in looking for the asso-
ciation of polymorphisms rs6295 and rs878567 with attempted
suicide, but when we analyzed genotype and allele frequencies of
polymorphisms rs878567 and rs6295 we did not encounter any as-
sociation. The possible role of 5-HTR1A receptors in the pathophys-
iology of suicidal behavior has been assessed in case-control studies
based on familial andpostmortemdata, butwithhighly controversial
results (Arango et al., 2001; Cheetham et al., 1989; Lowther et al.,
1997; Stockmeier, 1997). With regard to the post-mortem studies,
some of them found a reduction in 5-HTR1A receptor distribution
volume and a decrease in the total number of 5-HTR1A receptors
(given as an index) in the dorsal raphe nucleus of suicide victims
comparedwith the control group. These studies also reported that 5-
HTR1A receptor binding capacity in the medium raphe nucleus was
lower in suicide victims compared with control subjects; they also
suggested that this reduction in 5-HTR1A auto receptors could be an
adaptivemechanism,whose function is to increase serotonin activity
(Huang et al., 2004; Lowther et al., 1997; Stockmeier, 1997).
The most studied polymorphism of the 5HTR1A gene in relation
to suicidal behavior is C-1019G (rs6295). Lemonde et al. (2003)
reported an association of the G allele of the C-1019G poly-
morphism with a sample consisting of French-Canadian suicideTable 4
Genotypes, allele counts and frequency distributions for rs6295 (C-1019G) and rs87856
Mexican population by gender.
5HTR1A genotypes Males
Cases Controls c2 df p
rs6295
GG, n (%) 11 (19.6) 24 (24.7) 0.96 2 0.61
CG, n (%) 20 (35.7) 37 (38.1)
CC, n (%) 25 (44.7) 36 (37.2)
rs878567
TT, n (%) 21 (37.5) 31 (32.1) 0.74 2 0.69
CT, n (%) 21 (37.5) 43 (44.3)
CC, n (%) 14 (25.0) 23 (23.6)
Alleles Cases Controls c2 df p
rs6295
G, n (%) 42 (37.5) 85 (43.8) 1.16 1 0.28
C, n (%) 70 (62.5) 109 (56.2)
rs878567
T, n (%) 63 (56.2) 105 (54.1) 0.12 1 0.71
C, n (%) 49 (43.8) 89 (45.9)
a p Value signiﬁcant.victims, but not with suicidality among depressed patients. Simi-
larly, the study by Serretti et al. (2007) showed an association of the
G allele with suicide attempt only in female groups. Data by
Sawiniec et al. (2007) dealing with suicide attempts and, recently,
Samadi Rad et al. (2012) in suicide victims also support the hy-
pothesis of the association between the G allele and suicidal
behavior. Alternatively, the studies of Videtic et al. (2009), Benko
et al. (2010), Wrzosek et al. (2011), and Yoon et al. (2009) showed
a lack of association of either the C allele or the G allele in this
polymorphism (rs6295) of 5HTR1Awith suicidal behavior. In 2009,
a new and larger study of Serretti et al. (2009) showed no associ-
ation of genotype, allele, or haplotype frequency between the
rs6295 (C-1019G) polymorphism of 5HTR1A and suicidal behavior.
Our analysis of rs6295 (C-1019G) is in agreement with their results.
However, no conclusive outcomes have been yet attained. Finally,
with respect to the rs878567 polymorphism, we could not ﬁnd an
associationwith suicide attempters in our case-control study in the
Mexican sample, nor in the Italian and German population samples
of Serretti et al. (2007, 2009).
The discrepancies in the results of association studies may be
explained as follows. First, there are differences in diagnosis in the
population of patients. Lemonde et al. (2003) and Yoon et al. (2009)
recruited patients with major depression; Wrzosek et al. (2011)
worked with alcohol dependent patients, and Benko et al. (2010)
studied attempted suicides in the general population. Second,
there are differences in genetic heterogeneity in the populations.
Several studies have shown that allele frequencies of the various
polymorphisms of the 5-HTR1A gene may be ethnic-dependent.
One of the strengths of our study is that it only included subjects
from Comalcalco in the state of Tabasco, Mexico, with parents and7 polymorphisms of the 5HTR1A gene in suicide attempters and control group in a
Genotypes Females
Cases Controls c2 df p
rs6295
GG, n (%) 15 (15.6) 31 (18.5) 0.44 2 0.80
CG, n (%) 48 (50.0) 78 (46.7)
CC, n (%) 33 (34.4) 58 (34.8)
rs878567
TT, n (%) 17 (17.7) 48 (28.7) 5.62 2 0.06
CT, n (%) 49 (51.0) 84 (50.2)
CC, n (%) 30 (31.3) 35 (21.1)
Alleles Cases Controls c2 df p
rs6295
G, n (%) 78 (40.6) 140 (41.9) 0.083 1 0.77
C, n (%) 114 (59.4) 194 (58.1)
rs878567
T, n (%) 83 (43.2) 180 (53.9) 5.54 1 0.01a
C, n (%) 109 (56.8) 154 (46.1)
Table 5
Haplotypes for 5HTR1Amarkers -rs6295 (G/C), rs1423691 (C/T) and rs878567 (C/T)-
in controls and suicide attempters.





Reference TC 0.55 0.52
CG 0.38 0.41 0.89(0.67e1.19) 0.46
CC 0.04 0.04 0.83(0.45e1.54) 0.56
TG 0.01 0.01 0.66(0.17e2.53) 0.55
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homogenous.
To evaluate our case-control study let us describe its limitations.
The size of our case-control sample is small compared with studies
involving other diseases and may not have sufﬁcient power to
detect an association with suicidal behavior. We did not report
psychopathologies related to suicide attempters. Also, we did not
evaluate possible endophenotypes which could be increasing the
risk for suicide attempts. Finally, we could not exclude the genetic
heterogeneity in the sample as a whole. On a broader perspective,
the number of studies in the meta-analysis is small compared to
analyses dealing with other types of diseases. Also, we did not
perform a sub-analysis of suicide attempters and suicide com-
pleters, or an analysis based on gender because not all the studies
speciﬁed these variables explicitly.
In conclusion, our case-control study in a Mexican population
showed no association of the functional rs6295 or rs878567 poly-
morphismwith suicidal behavior. Themeta-analysis of the functional
rs6295 (C-1019G) polymorphism supports the outcomes of our pre-
vious meta-analysis and of the present case-control study, that is, a
lack of association. To gain a comprehensive knowledge of the asso-
ciation between 5-HTR1A polymorphisms and suicidal behavior it is
necessary to include larger samples and integral studies.
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